That the degree of immunity to B. enteritidis infection induced by enteritidis (acetone-killed and heat-killed) and by typhoid (acetone-killed) vaccines does not correlate with the content of the O agglutinin to appear in the sera of the immunized groups has been reported3. It was further shown that although both types of the enteritidis vaccine excited the formation of 0 agglutinins to nearly the same extent, the immunity produced by immunization was greater following use of the acetone-killed agent. B. typhosus vaccine also produced 0 agglutinins without affording any appreciable immunity to the enteritidis infection. These observations suggest that the rOle played by the 0 agglutinin in immunity can hardly be that of an essential element. The mere fact that this agglutinin may be present in groups of animals which have been subjected to immunizing treatment, with one group showing protection and the other lacking it entirely certainly minimizes the importance of this O antibody, or suggests that immunity response is based upon principles other than the agglutinin.
That the degree of immunity to B. enteritidis infection induced by enteritidis (acetone-killed and heat-killed) and by typhoid (acetone-killed) vaccines does not correlate with the content of the O agglutinin to appear in the sera of the immunized groups has been reported3. It was further shown that although both types of the enteritidis vaccine excited the formation of 0 agglutinins to nearly the same extent, the immunity produced by immunization was greater following use of the acetone-killed agent. B. typhosus vaccine also produced 0 agglutinins without affording any appreciable immunity to the enteritidis infection. These observations suggest that the rOle played by the 0 agglutinin in immunity can hardly be that of an essential element. The mere fact that this agglutinin may be present in groups of animals which have been subjected to immunizing treatment, with one group showing protection and the other lacking it entirely certainly minimizes the importance of this O antibody, or suggests that immunity response is based upon principles other than the agglutinin.
The questions involved can hardly be resolved by titrations of antibody alone, but such determinations taken in conjunction with actual tests for crossed immunity might well provide desirable information. Indeed, other workers have made such experiments on crossed immunity within the enteric group, but their results have been in some measure conflicting, either in point of fact or in interpretation.
Following the immunization of rabbits with the organism of swine typhus (living B. aertrycke), Tenbroeck8'9 was able to show that they were protected against an extremely virulent B. suipestifer infection; killed suipestifer and living B. paratyphosus B failed to immunize. Since the living B. aertrycke culture established itself in the tissues of the animal to a greater extent than did the paratyphosus B, Tenbroeck was led to consider the possibility that the success or failure of immunization depended upon such an implantation. The protection of rabbits against suipestifer infection by injection of However, the surviving mice failed to show immunity to pasteurella infection.
Problems of immunity, particularly those involving tests for cross protection, can best be studied with a natural infection of animals; mice provide such material for they are capable of acquiring enteritidis and aertrycke infections naturally. Needless to say, for such a study it is essential that they be entirely free initially from enteric infection and that they exhibit a fairly uniform susceptibility. Such a strain of mice is maintained in this laboratory, and these animals were used in the work here reported. For experimental study the mice were kept in galvanized iron cages with wire-mesh covers; each cage (7 x 10 x 5 in.) contained 10 mice. Wood shavings were used as bedding, water was constantly available, and the food consisted of compressed dog-chow, oats, and lettuce. All males had been castrated at one month of age.
The Twenty-four hours before infection with the virulent enteritidis organism each mouse was bled from the tail, about 6 drops of blood being placed on a clean glass slide. Later these bleedings were pooled within each group. Each lot of dried blood was weighed and diluted with salt solution on the basis that 50 per cent of the blood was serum and 41.4 mg. of dried blood were the equivalent of 0.1 cc. of serum. After centrifuging, the supernatant was used for agglutination tests, employing B. enteritidis and B. typhosus as living antigens. Since these organisms apparently have the same O (somatic) antigen, detection of the 0 agglutinin of the immunized animals is possible.
All of the mice were infected per os with 0.05 cc. of a 12-hour broth culture of virulent B. enteritidis. This amount usually showed a plate count of from 40 to 60 million bacteria. Unless otherwise stated, all experimental groups containing survivors were observed for a period of 30 days.
The results of this experiment are shown in Table I and in the graph expressing survival. Table 2 and in the graph expressing survival. The above data leave little doubt concerning the ability of living B. enteritidis to cross immunize against B. aertrycke when the latter is given intraperitoneally. The question of selection does not enter into the problem since only two of the original 50 mice were killed by the second enteritidis infection. It is also clear that the mice had a high degree of immunity against aertrycke infection in spite of a complete absence of 0 agglutinin. That the mice in group I immunized with living B. enteritidis showed no agglutinins for B. aertrycke might be expected since, as is stated in many reports, these organisms have no agglutinogen in common. Most of the serological studies which have led to this conclusion have been made with rabbits, and in view of the fact that the species of animal immunized may influence the antibody response, the condusion seemingly imposed by the above experiment-that enteritidis immunization is highly protective against aertrycke infection even though an antibody relationship is lacking-required further supporting evidence. This is especially true, since the agglutinin titer of the mice tested was low (1: 120) even for the homologous enteritidis organism. It was, therefore, proposed to produce in mice a high agglutinin titer by multiple injections of killed B. aertrycke, thus to determine whether in this species a crossed serological relationship might exist.
For this experiment 25 mice were used, immunized with 5 injections at 7-day intervals of 0.02, 0.02, 0.02, 0.04, and 0.04 mg. acetone-killed B. aertrycke vaccine. Subsequently, all mice were bled to death from the heart and the sera so obtained were pooled for agglutination tests with living aertrycke and enteritidis antigens. No crossed agglutination was observed, although the titer for the specific organism was relatively high. The possibility that B.-enteritidis combined with the aertrycke antibody but did not agglutinate was suggested as a possible reason for the apparent lack of relationship. Therefore, the serum of the mice immunized with B.
aertrycke was three times absorbed with a heavy suspension of living B. enteritidis. Each time the mixture was incubated for two hours with frequent shakings. The results appear below. Table 4 and in the accompanying graph. Noteworthy is the surprisingly high degree of immunity to per os infection by a highly virulent enteritidis strain produced by the living aertrycke, also given by mouth; and perhaps no less significant is the lack of immunity following injection of killed organisms of the same aertrycke strain. These facts lose nothing in significance when it is noted that although both the killed virulent and the killed non-virulent enteritidis vaccines give some immunity it is definitely less than is that provided by the living serologically unrelated B. aertrycke. The content of somatic agglutinin for B. enteritidis does not seem to be related to the degree of immunity present; in fact, there was a complete lack of demonstrable 0 agglutinin in the serum of the group immunized with living aertrycke. In short, it seems obvious that either living or dead B. enteritidis will immunize against specific infection, but that a crossed immunity results only when the aertrycke organism used is living. An explanation is obviously called for. Finding that mice infected with living B. enteritidis were more resistant to a second infection with B. aertrycke, Webster"' was of the opinion that the increased resistance was but an expression of selection of the naturally more resistant mice. But that selection played no part in the above experiment is evident. The results presented in Table 4 confirm the reported (Pritchett5) inability to demonstrate a crossed immunity after using killed vaccines.
Bearing on the problem of the nature of the immunity induced by the living aertrycke organism as contrasted with that due to injection of killed vaccines of the specific bacterium is the time factor requisite for the acquisition of the immune state. The influence of time and of repeated injection in the case of killed vaccines is well known, and the experiment detailed below was designed to determine the minimum time required for fed aertrycke organisms to establish increased immunity to B. enteritidis. Preliminary experiments had shown that an interval of some 10 to 15 days was adequate, but if infection were the basis of the immunity a shorter interval might well suffice. To test this, 250 mice, 2 months old, were divided into 5 groups. All mice of all groups were infected at the same time with the same culture of a virulent passage strain of B. enteritidis; the dose was 0.05 cc. of a 12-hour broth culture dropped from a pipette into the mouth of the animal. The table and graph express the results. The only comment called for is the simple statement that a 7-day period is adequate for the development of an immunity sufficing to protect 88 per cent of the mice, even though the organism used for immunization lacks the somatic antigen characteristic of the one present in the organism to which the immune state is established. Some protection is evidenced in the shorter periods.
It has been suggested by Tenbroeck8 that the immunity induced in rabbits to suipestifer by B. aertrycke is due to invasion of the tissues by the latter organism, and preliminary experiments have shown that both the aertrycke and the non-virulent enteritidis organism used in the present work are also invasive, being recoverable from the spleen, the bone marrow, and of course, from the feces. The results with these organisms suggested that it might not be out of place to determine the degree of crossed immunity established in mice to B. enteritidis by feeding other organisms. Thus, 5 groups of mice embracing 250 animals were treated in the following manner. The mice were 2 months old. Thus, even though no serologically active common somatic antigen component can be demonstrated between the aertrycke and enteritidis strains there is, nevertheless, a common immunizing element; a component which is not shared by B. typhosus and the paratyphoid strain. This is of interest, in that so far as is known neither B. typhosus nor B. paratyphosus B produce a natural spontaneous infection in mice. Further, it is doubtful if they become established in the tissues, under the conditions here obtaining, since all attempts to recover the typhoid bacillus from the spleen from 48 to 72 hours after the feeding of living culture failed. A crossed immunity seems, therefore, to depend upon the establishment of a mild infection. This does not of itself exclude necessarily all humoral mechanisms, but the antibody expressing itself in agglutination appears to be without significance.* Bearing on this question of the specific or non-specific limitations of crossed immunity is the work of Topley, Wilson, and Lewis10. These authors have shown that mice immunized by two feedings of B. aertrycke were no more immune to pasteurella infection than were normal mice. They thought that such protection as was * Since preparing this paper an experiment has been concluded showing that the ability of living aertrycke to cross-immunize against enteritidis infection is not a property peculiar to the MT II strain, but is shared by other strains of-the same organism. Suipestifer also showed cross protection and the results with typhoid were confirmed with two other strains. These later results appear in the appended pathogenic naturally for the species. It would also seem that the question of the humoral or cellular nature of the crossed immunity between aertrycke and enteritidis must be resolved in favor of the cellular or tissue response, since no crossed agglutination can be shown, but it may be premature to reach such a conclusion. There is the possibility that within the body of the infected mouse the two organisms produce the same toxin, and the antitoxin resulting may, perhaps, protect against either organism. This possibility is a matter for further study. At all events, since immunity may result from intraperitoneal injection as well as from infection acquired per os the protection must be of a general nature rather than a purely local one.
The fact that immunity in mouse typhoid can be developed with the killed "smooth," specific organism,-the "rough" type causing no immunity,-is only circumstantial evidence that the somatic agglutinin is the agent responsible for the immunity. The evidence presented here is contrary to such a view. There is no doubt that a very high degree of immunity can be developed in the complete absence of somatic or flagellar agglutinin by means of living, nonvirulent infections. The fact that living non-specific organisms cross immunize and dead non-specific do not, and that specific organisms, both dead and living, do immunize suggests that the nature of the immunities produced by the two methods differ. That species is a factor in the development of immunity to virulent B. enteritidis was shown by the immunization of guinea-pigs by intraperitoneal injections of either killed or living B. typhosus.1 Mice can not be immunized by the same method.
Conclusions
Living non-virulent B. aertrycke produce in mice a strong crossed immunity for B. enteritidis infection. The reverse of this is also true.
Injections of killed B. aertrycke do not produce a crossed immunity for B. enteritidis.
Somatic, or 0, agglutinin plays no role in the crossed immunity produced by living organisms.
The 0 agglutinin plays but a minor role in the immunity produced with killed vaccines.
